ABSTRACT An experiment was conducted to evaluate the effects of two diets containing 3% of either palmitic acid (Diet P) or linoleic acid (Diet L) on the sensitivity of the reproductive performance, fatty acid composition of plasma and yolk lipids, and total plasma phosphorus of Japanese quail. A 9-wk production period was divided into three phases of 3 wk each: 1) 7 to 10 wk, 2) 10 to 13 wk, and 3) 13 to 16 wk of age. Eighty male plus female pairs of quail were used. The response to dietary treatments appeared not to be influenced by diet fed in the preceding phase. When data were pooled by diet fed in each phase, feed consumption in Phases 2 and 3 was higher (P<05) in birds fed Diet P than those fed Diet L. In Phase 2, egg production was higher (P<05) in the groups fed Diet P than those fed Diet L. In Phase 3, birds fed Diet P exhibited lower embryonic mortality and higher hatchability (P<05) than those fed Diet L. Fatty acid compositions of plasma and egg yolk lipids from birds fed Diet L had higher (P<05) levels of linoleic acid than those fed Diet P. In contrast, those fed Diet P did not show higher levels of palmitic acid in their plasma or yolk lipids. Instead, they exhibited higher (P<.05) levels of pahmtoleic and oleic acids. These results indicate that Diet P, which had only .8% linoleic acid, appeared to be sufficient for overall reproductive performance, suggesting that this level satisfied the requirement of linoleic acid or that oleic acid apparently derived from palmitic acid is sparing the function of linoleic acid for normal reproduction.
INTRODUCTION
Considerable information has been published concerning the influence of the addition of a source rich in linoleic acid on the reproductive performance of chickens (Menge et al, 1965; Calvert, 1967; Balnave, 1971) and Japanese quail (Calvert, 1969) . In most cases, the responses of hens fed the diets containing linoleic acid were compared with those fed either fat-free diets or fat-containing diets but deficient in this essential fatty acid. Better performances were often obtained with hens fed diets supplemented with linoleic acid.
Likewise, there is evidence that indicates that saturated fatty acids are less digestible and absorbable than the unsaturated fatty acids (Garrett and Young, 1975) , which, in turn, would result in a decreased availability of metabolizable energy to the birds. However, very few reports have dealt with the use of saturated fatty acids on the performance of laying or breeding hens. Thus, Machlin and Dudley (1962) reported that high levels of *To whom correspondence should be addressed.
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myristic acid (15%) in the diet significantly depressed egg production and hatchability of fertile eggs. The depression in egg production, but not hatchability, was reversed by the addition of 1.4% of linoleic acid to the diet.
More recently, Atteh and Leeson (1985) observed no significant differences in egg production and egg weight of laying hens fed diets supplemented with 8% of either palmitic acid, oleic acid, or a 50:50 mixture of palmitic and oleic acids, hi addition, a previous study in the authors' laboratory (Vilchez et al., 1990) has shown that the addition of 3% palmitic acid to the diet of Japanese quail resulted in a performance similar to those fed diets containing 3% of either com oil, oleic acid, or linoleic acid.
From the results of several studies with rats, it was postulated that polyunsaturated fatty acids (PUFA) promote oxidation, whereas saturated fatty acids, such as palmitate, promote lipid storage and liver lipoprotein synthesis (Beynen and Katan, 1985) . Bacon et al. (1982) stated that total plasma phosphorus is a good measure of the plasma very low-density lipoprotein fraction, which is a yolk lipid precursor (Bacon, 1981) of quail hens. Howev- er, there is no information on the effect of dietary free fatty acids on the yolk lipid precursor of quail hens. The objectives of this experiment were to determine 1) the response of Japanese quail fed a semipurified low-fat basal diet supplemented with either palmitic or linoleic acids, as free fatty acids, at different phases during the reproductive period, and 2) the changes in fatty acid compositions of both plasma and egg yolk lipids and total plasma phosphorus in relation to these treatments.
MATERIALS AND METHODS

Reproductive Performance
At 4 wk of age, 80 male plus female pairs of Japanese quail, divided into two groups of 40 pairs each, were placed in wire quail cages (one pair per cage). Each group was fed a diet containing 97% semipurified, low-fat (1.3% fat containing .8% linoleic acid) basal mix plus 3% of either palmitic acid (Diet P) or linoleic acid (Diet L) from 4 to 7 wk of age. The composition of the low-fat basal mix and the analyzed fatty acid composition of the experimental diets are presented in Tables 1 and 2, respectively. A 9-wk production period, starting at 7 wk of age, was divided into three phases of 3 wk each: 7 to 10 wk, 10 to 13 wk, and 13 to 16 wk of age. In Phase 1, quail continued on the same diets used from 4 to 7 wk of age. In Phase 2, each group of Phase 1 was divided into two groups. One continued on the same diet; me other switched to the alternate diet. In Phase 3, each group was further divided into two groups. One continued on the same diet as in Phase 2; the other switched to the alternate diet The distribution of die treatment groups and the number of animals in each phase are shown in Table 3 .
Plasma and Yolk Fatty Acids and Total Plasma Phosphorus
In a second experiment, 96 female and 48 male Japanese quail, at 4 wk of age, were placed in a battery brooder.
2 In Phase 1, they were divided into two groups with 48 females and 24 males each; in Phase 2, they were divided into four groups with 24 females and 12 males each; and in Phase 3, they were further divided into eight groups of 12 females and 6 males each. These birds received the same dietary treatments as indicated in Table 3 . Individual blood samples from 16, 8, and 4 female quail in each treatment group (Table 3) were collected at 10, 13, and 16 wk of age, respectively. Approximately 2 mL of blood were taken by heart puncture into heparinized tubes and centrifuged at 5 C at 1,500 x g for 15 min to separate the plasma. The plasma lipid was extracted by using the method of Folch et al. (1957) modified by the addition of .01% of butylated hydroxytoluene. Methyl esters of the lipid extract were prepared according to Morrison and Smith (1974) . Fatty acid compositions of plasma lipids were determined by gas-liquid chromatography (Bitmann et al., 1984) . Fatty acids were identified by comparison of retention times with standards and expressed as percentages of fatty acid methyl ester distributions. Total plasma phosphorus was determined following the procedure indicated by Strong et al. (1978) .
Twenty, 10, and 5 eggs from birds of each treatment group (Table 3) were randomly collected at 10, 13, and 16 wk of age, respectively. Each egg was broken out and the yolk separated. Individual yolk lipid was extracted, methylated, and analyzed for fatty acid composition following the same procedures as for the plasma.
General Procedure
The birds were provided 14 h of light daily during the breeding period. Feed and water were available ad libitum. To prevent lipid peroxidation, the experimental diets were mixed every 10 days and stored at 5 C. The hens were mated naturally. Eggs from pair-mated hens were collected daily, identified, weighed, and stored for incubation. The sound-shelled eggs were set weekly. Because the quail eggshell is colored, tinted, and blotched, accurate assessment of the condition of the embryo by candling is not possible. Thus, instead of candling, unhatched eggs were opened on Day 18 and examined egg weight; EP = egg production; FER = fertility; Hatch = macroscopically to identify the apparent infertility and early (0 to 7 days of incubation) and late (7 to 18 days of incubation) embryonic mortalities. Individual records were obtained for egg production, fertility, hatchability, and embryonic mortality at 7 and 18 days of incubation. Body weight and feed consumption were recorded for each 3-wk phase. Only the female body weights are presented. The feed consumption was the record of both female and male in the same cage assuming that they consumed the same amount of feed. The dietary effects on males were not considered in this experiment.
Statistical Analysis
Treatment differences in Phase 1 and the pooled data by diet within Phases 2 and 3 were subjected to analysis of variance using the general linear model (GLM) procedure (SAS Institute, 1986) . All data percentages were subjected to arcsin transformation prior to analysis. Linear contrasts were used to test the switch-over effects in Phases 2 and 3 (Steel and Torrie, 1980) .
RESULTS
Reproductive Performance
Because the analysis of variance used to determine the interactions among phases was significant for some parameters (data not included), the results are presented for each phase independently. Data on the reproductive performance of quail fed diets containing palmitic and linoleic acids from 7 to 10 wk (Phase 1), lOto 13 wk (Phase 2), and 13 to 16 wk of age (Phase 3) are presented in Tables 4,5 , and 6, respectively.
In Phase 1, feeding either Diet P or Diet L had no significant effect (P>.05) on any measured parameter (Table 4 ). In Phase 2 (Table 5) , birds fed Diet P in Phase 1, then switched to Diet L, exhibited significantly lower (P<.01) feed consumption and egg production than those main-VTLCHEZ ETAL. (Table  S) indicated that birds receiving Diet P had signincantly higher (P<05) feed consumption and egg production than those fed Diet L. There were no significant differences in any of the other parameters.
In Phase 3 (Table 6 ), quail fed Diet P during Phases 1 and 2 then switched to Diet L showed lower (P<.01) feed consumption and egg weight than those maintained on Diet P. No effects were observed in the other parameters. When birds were fed Diet P and Diet L during Phases 1 and 2, respectively, then switched to Diet P, they exhibited significantly higher (P<.01) feed consumption, embryo livability from 0 to 7 days of incubation, and hatchability than those that continued on Diet L. Likewise, quail fed Diet L during Phases 1 and 2 then switched to Diet P showed increased (P<01) feed consumption as compared with diose that continued on Diet L, but no other differences were observed. Data pooled by diet fed during Phase 3 show that birds fed Diet P exhibited higher feed consumption, higher embryo livability from 7 to 18 days of incubation, and higher hatchability than those fed Diet L (P<05).
Fatty Acid Composition of Plasma and Egg Yolk Lipids
Fatty acid compositions of plasma and yolk lipids among quail 10 (Phase 1), 13 (Phase 2), and 16 wk of age (Phase 3) were not significantly different among treatment groups receiv- ing the same diet in each phase (see Table 3 for experimental design). Therefore, the data were pooled by diet (P or L) across the three phases for plasma and yolk lipids (Table 7) . Plasma concentrations of myristic and palmitic acids were not significantly different (P>.05) between diets. Birds fed Diet P had significantly higher (P<.05) palmitoleic and oleic acids, but lower (P<05) stearic and linoleic acids than those fed Diet L. Higher concentrations of palmitoleic, oleic, and linolenic acids (P<05), but lower myristic, palmitic, stearic, and linoleic acids (P<05), were observed in yolks from birds fed Diet P than in yolks from birds fed Diet L. The arachidonic acid concentrations were not influenced by dietary treatment.
Sample and diet
Plasma^
Total Plasma Phosphorus
The total plasma phosphorus contents in Phases 2 and 3 were not significantly different among treatment groups receiving the same diet. Therefore, data pooled by diet fed in each phase are presented in Table 8 .
Dietary treatment had no significant effect (P>.05) on the total plasma phosphorus throughout the experiment (Table 8) . However, plasma from birds fed Diet P had consistently higher total phosphorus than those fed Diet L, and the values decreased as the age of the birds increased.
DISCUSSION
Feed consumption was not affected by dietary treatment during Phase 1 (Table 4) ; however, it was significantly influenced in Phase 2 (Table 5 ) and Phase 3 (Table 6 ). An increased feed consumption was observed in all but one group of quail fed Diet P as compared with those fed Diet L. The greater feed consumption in birds fed Diet P may be due to an apparent lower energy value because of the well-known low absorbability of palmitic acid (Garrett and Young, 1975) . Atteh and Leeson (1985) also found that laying hens fed a diet supplemented with only palmitic acid (8%) consumed more feed than birds on diets supplemented with oleic acid (8%) and a mixture (50:50) of palmitic and oleic acids. They concluded that laying hens could not utilize palmitic acid efficiently when it is the major source of fat in the diet. They also reported that feeding palmitic acid resulted in a significant loss of body weight of hens over a 7-wk period. In the present study, however, such a loss of body weight was not observed in Tables  4, 5 , and 6. It is possible that the level of palmitic acid used in the present experiment (3%) was not high enough to cause any detrimental effect because the energy deficit was compensated by a significant increase in feed consumption. Egg weight was commonly considered to be sensitive to the level of linoleic acid present in the diets of chickens (Balnave, 1971; Whitehead, 1981; Scragg et al., 1987) . In most cases, average egg weight was increased as the level of linoleic acid in the diet increased. The results of the present study do not support those observations, because the average egg weight from quail fed Diet P (.8% linoleic acid) was not significantly different from those on Diet L (2.7% linoleic acid). Similar observations were previously obtained in quail (Vilchez et al., 1990) and in laying hens (Atteh and Leeson, 1985) when diets containing palmitic acid were compared with diets containing linoleic and oleic acids, respectively.
In Phase 2, switching from Diet P to Diet L or from Diet L to Diet P resulted in no significant changes in fertility, embryonic mortality, and hatchability as demonstrated by linear contrasts (Table 5 ). Egg production, however, decreased considerably when birds were switched from Diet P to Diet L (Treatment B, P-L). The authors have no explanation for this response considering that egg production of this particular group was high and not statistically different in Phase 3 (Table 6) when they were fed either Diet P (Treatment 3, P-L-P) or Diet L (Treatment 4, P-L-L).
In Phase 3, egg production, fertility, and late embryonic mortality were not affected by switching from Diet P to Diet L or from Diet L to Diet P (Table 6 ). Embryo mortality increased, however, from 0 to 7 days of incubation and hatchability was reduced in birds on Treatment 4 (P-L-L) as compared with those on Treatment 3 (P-L-P). Although these were the only parameters to reach statistical significance, a close observation of the data indicate that most groups of birds fed Diet P tended to have high egg production, low embryonic mortality (particularly from 7 to 18 days of incubation), and high hatchability as compared with those receiving Diet L. In fact, data pooled by diet fed in Phase 3 (Table  6 ) clearly show these tendencies. It also shows late embryonic mortality to be significantly lower, resulting in better hatchability, than those birds fed Diet L. The increased livability of embryos from birds fed Diet P may be due to the high levels of oleic acid present in their yolk lipids (Table 8) . Donaldson and Fites (1970) demonstrated the significance of oleic acid in eggs on embryo survival. Likewise, Noble (1987) indicated the role of cholesterol esters of oleic acid on lipid transport and assimilation from the yolk during embryo development. Therefore, in this experiment, a high level of oleic acid in the yolk together with the ability of yolk sac membrane to synthesize cholesterol esters (Noble et al., 1984) may have enhanced the formation of lipoprotein complexes required for the lipid transport from the yolk to the embryo. This enhancement of lipoprotein complexes formation may have resulted in a better utilization of the yolk material given that it is estimated that more than 90% of the energy requirement for embryo development is derived from oxidation of yolk lipid fatty acid (Freeman and Vince, 1974) .
It has long been demonstrated in chickens that the fatty acid compositions of both plasma and egg yolk lipids reflect the fatty acid composition of their diets Thomsen, 1966) . The results of the present study with quail agree with those early observations. The levels of linoleic acid in both plasma and egg yolk (Table 7) were significantly influenced by the concentration of this fatty acid present in the diet (Table 2) . Decreased concentrations of palmitoleic and oleic acids as well as increased proportions of myristic, palmitic, and stearic acids were also observed in plasma lipids and, more particularly, in yolks from birds fed Diet L. These observations are in accordance with those reported in chickens (Thomsen, 1966; Balnave, 1968; Sim et al, 1973) in which the synthesis of monounsaturated fatty acids is considerably reduced, whereas the synthesis of saturated fatty acids is increased in order to maintain a specific saturated to unsaturated ratio during a period of PUFA ingestion.
Higher concentrations of palmitoleic and oleic acids were observed in both plasma and egg yolk lipids of birds fed Diet P as compared with those fed Diet L. These higher levels may be due to the availability of their immediate precursor, palmitic acid, which will undergo desaturation to form palmitoleic acid or elongation and desaturation to form oleic acid (Vance and Vance, 1985) . As indicated earlier, these differences may also be due to the ingestion of a relatively high level of PUFA (Diet L). From this experiment, it is not possible to determine which of the two alternatives is the predominant one. Linolenic acid in egg yolks from birds fed Diet P was higher than from those fed Diet L throughout the experiment. This difference may be due to the relatively high content of this fatty acid in Diet P (Table 2) . However, a similar tendency was also observed in eggs from laying hens fed a diet containing hydrogenated coconut oil (with 0% linolenic acid) as compared with those from hens fed safflower oil .
In conclusion, the results of this experiment show that feeding quail a semipurified low-fat basal mix supplemented with 3% palmitic acid (Diet P) resulted in increased feed consumption as compared with consumption by quail fed the same basal mix supplemented with 3% linoleic acid (Diet L). In spite of the fact that Diet P had lower linoleic acid (.8%) than recommended for breeder quail (1%; National Research Council, 1984) , the performance of quail fed Diet P equaled and even surpassed those fed Diet L. Switching from Diet P to Diet L did not result in any significant change in most parameters, except lowered feed consumption (in each phase) and reduced egg production (Treatment B, Table 5 ). However, switching from Diet L to Diet P had no significant effect in any parameter except feed consumption, which increased in all cases. Fatty acid compositions of both plasma and egg yolk lipids from birds fed Diet L had high concentrations of linoleic acid. In contrast, birds fed Diet P showed less palmitic acid in their yolk lipids and elevated palmitoleic and oleic acids in both plasma and yolk lipids. The observed elevated egg yolk oleic acid coupled with its importance in synthesis of cholesteryl oleate for transport across the yolk sac membrane (Noble, 1987) provides a likely explanation of the improved embryonic livability and hatchability on the palmitic acid supplemented diet. Total plasma phosphorus was not affected significantly by dietary treatment. Thus, differences due to diet cannot be attributed to increased yolk precursor output from the liver.
